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Abstract—This research is the development of guided disvovery based elec-
tronic module that aims to knowing the eligibility level of e-modules and stu-
dent responses to guided discovery based electronic modules in redox reaction
material. This electronic module uses the ADDIE development model. Research
was conducted at one of the high schools in Bengkulu with the subject 9 stu-
dents of X MIPA A Students for small scale trials and 30 students of X MIPA D
Students for large scale trials. From the results of the research obtained (1) the
percentage of feasibility of e-modules on the material aspect is 86,315% while
from the media aspect is 91.425% so that based on the results of validation by
the E-module validator is declared very valid, (2) based on the test results of the
small-scale student response percentage of 75.97 % with interesting category,
while for large-scale trials of 84.48% with a very interesting category. From the
results percentage, it can be concluded that e-module is suitable for use in learn-
ing. Electronic modul based on guided discovery is an effective tool to help students in
learning redox reaction subject. E-modul can be accessed by smartphone or laptop.
With this e-modul, students can access the study material from everywhere without
any time limitation.

Keywords—Electronic Modules, Guided Discovery, Redox Reaction Materi-
als.

1 Introduction

Books are a learning support tool for students to dig up informations, concepts, and
gain knowledge as well as chemistry textbooks. In learning activities, chemistry text-
books are one of the learning resources that are often used by teachers and high
school students to support the learning process. Chemistry textbooks contain infor-
mation about subject matters, examples and practice questions, as well as supporting
pictures that are useful for students in understanding learning concepts.
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Chemistry textbooks should be an effective learning tool to help students achieve
learning competencies and understand subject matter however from the results of
observations made on class X one of the high schools in Bengkulu, it was found that
students had difficulty understanding the explanation of the material in the chemistry
textbooks that used. The lack of variations in sample questions also makes students
difficult to understand the subject matter in chemistry textbooks, so that students find
it difficult to understand the concepts and theories being studied. The results of the
observations were supported by data obtained through questionnaires that were dis-
tributed to Bengukulu high schools. It is known that only about 44% of students are
interested in reading chemistry textbooks and as many as 52% of students have diffi-
culty understanding the explanations in chemistry textbooks.

The redox reaction is one of the materials that students learn in class X in the even
semester, from the observation that data is obtained that only about 49% of students
from class X MIPA in the 2018/2019 academic year at one of the high schools in
Bengkulu passed the KKM on daily test and as many as 63 % of students have diffi-
culty studying redox reaction material. Research by Sulalaha, et al [1] also states that
the results of the percentage of difficulties experienced by students in understanding
redox material are quite large, namely the redox concept in terms of changes in oxida-
tion number (56%), oxidizing and reducing agents (48%), releasing and receiving
electrons (45%), and binding and releasing oxygen (39%).

In order to support student learning needs, various types of teaching materials have
been developed, one of which is by utilizing technology. One form of technology use
in education is the development of electronic modules. An electronic module is a form
of presenting independent learning materials that are arranged systematically into the
smallest learning unit to achieve certain learning objectives which are presented in an
electronic format in which there are animation, audio, navigation that make users
more interactive with the program [2]. As for electronic devices that can be used to
access electronic modules, namely smartphone or laptop which have a number of
supporting devices, making them more interactive and interesting. This is in line with
previous research, namely Android-Based Interactive Mobile Learning has succeeded
in creating new effective ways for students to learn [3]. Learning science by using an
Android can improve the critical thinking skills of junior high school students [4].

In electronic module development, there is a number of applications that can be
used, including 3D PageFlip Professional. The 3D PageFlip Professional software can
add animation, images, audio, video, and audio-visual to support the media compo-
nents of the e-module. The resulting electronic module can be saved in EXE, Zip,
HTML, 3DP, or screen saver formats, so that it can be accessed using such as a PC /
laptop and smartphone. Application 3D PageFlip Professional chosen for electronic
module development because of its easy operation (user friendly), giving effect three
dimensions, and has a more attractive appearance.

In order to develop an electronic module that can improve the quality of student
learning, the guided discovery approach is adapted. The guide discovery approach
will train students to find a concept actively, independently and with direction in order
to strengthen students' understanding based on the results of the analysis they have
done themselves. Guided discovery learning can be an efficient approach to teaching
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procedural skills, effectively to improve students' reflective thinking ability and stu-
dent's self-learning both in high-rank school and middle-rank school [5, 6]. Based on
the background of the problems that have been described, the researchers conducted
research with the title “Development Of Guided Discovery Based Electronic Module
For Chemical Lessons In Redox Reaction Materials ".

2 Literature Review

2.1 Electronic module

E-module is the latest innovation from the print module, where this electronic
module can be accessed with the help of a computer that is integrated with software
that supports e-module access. Electronic media that can be accessed by students have
different benefits and characteristics. If viewed from the benefits of electronic media
itself, it can make the learning process more interesting, interactive, can be done any-
time and anywhere and can improve the quality of learning. E-module development
can be developed with various learning methods and the help of other supporting
media. E-modules are a set of digital and non-printed teaching media that are system-
atically arranged and used for independent learning purposes, so that they can require
students to learn to solve problems in their own way. E-modules are learning materi-
als that are systematically designed based on a specific curriculum and are packaged
in a specific time unit displayed using an electronic device such as a computer or
android.

The electronic module is a form of presenting independent learning materials that
are systematically arranged in the smallest learning unit to achieve a specific learning
goal, which is presented in an electronic format [7]. The electronic module is a form
of presenting independent learning materials that are arranged systematically into the
smallest learning unit to achieve certain learning objectives which are presented in an
electronic format in which there are animation, audio, navigation which makes users
more interactive with the program.

2.2 3D Pageflip professional

3D PageFlip Professional is a software that can be used to create teaching materi-
als with 3D effects. This application is able to make the display of the electronic
module more attractive with the addition of animation, images, video, audio-visual,
various formats such as EXE, Zip, HTML, 3DP, Screen Saver and others. This 3D
PageFlip Professional application also provides settings such as magazines, docu-
ments and so on [8]. 3D Pageflip software is a type of software used to convert teach-
ing materials in PDF form to flipbook pages (back and forth), each resulting PDF
page can be flipped like a real book and can also insert video in its production. flash,
images and sound into the teaching materials that will be made so that the resulting
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teaching materials will be more interesting and can help students learn both inde-
pendently and with teacher guidance.

To display electronic modules on an android system, it is necessary to first install
the 3D Pageflip Reader application on the playstore or on the web
www.3dpageflip.com. After installing 3D Pageflip Reader on the android system, the
electronic module can be opened, which data has been entered into the smartphone
first. Advantages in the 3D Pageflip Professional application, namely:

1. Flipbook media can be folded (back and forth) like a real book. When turning the
page, it looks like it moves like flipping a book, causing a different and more inter-
esting sensation.

2. In each page of the flipbook, an animation is inserted which supports the learning
material in the form of a video or flash animation.

3. The e-book from the 3D Pageflip Professional application is an interactive learning
medium in delivering material because it can display multimedia illustrations.

2.3 Guided discovery

Guided discovery is an approach which in its implementation is carried out by stu-
dents based on teacher instructions. Instructions are given generally in the form of
guiding statements, here the teacher as a facilitator, the teacher guides students where
the teacher is needed. In this method, students are encouraged to think for themselves
so that they can find general principles based on the material or data provided by the
teacher. To what extent students are guided in learning depends on their abilities and
what material is being studied [9]. Knowledge gained by discovery shows some
goodness. First, it is long-lasting or long-remembered or easier to remember when
compared to knowledge learned in other ways. Second, discovery learning outcomes
have a better transfer effect than other learning outcomes. In other words, the con-
cepts and principles that belong to one's cognitive are easier to apply to new situa-
tions. Third, thorough learning discovery improves learners' reasoning and ability to
think freely [10].

There are guide discovery steps, namely student orientation to problems, organiz-
ing students in learning, conducting investigations, presenting the results of activities,
and evaluating learning. This step makes students learn independently, actively, and
creatively in obtaining their respective concepts and understanding [11].

The guided discovery approach guides students to be able to actively participate in
the learning presented, students' problem-solving abilities will be honed, and the ma-
terial studied will last longer because students are involved in the process of finding it
[12].Guided discovery can train and improve some of the abilities of students. At the
high school level, abilities that can be improved include problem solving skills and
critical thinking skills. This indicates that guided discovery affects the thinking ability
and activeness of students [13].
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3 Method

3.1 Research setting

This research was conducted in the period of January-March 2020 at one of the
high schools in Bengkulu City, Indonesia Class X MIPA for the 2019/2020 school
year. The subjects of the small group trial were 9 students of class X MIPA A, while
the subjects of the large group trial were students of class X MIPA. D totaled 36 stu-
dents.

3.2 Research design

The research is development research or research & development with the ADDIE
model. This research consists of five stages of development including analysis, name-
ly preliminary and final analysis, student’s material analysis, task analysis, objectives
of learning analysis. Furthermore, planning includes preparing references in the form
of books and journals, compiling a conceptual framework, and compiling a module
draft design. At the development stage, the e-module was made, expert validation, and
revision then for implementation small group trials, stage II revisions, and large group
trials were carried out.

3.3  Data analysis technique

Normality test: In the normality test using the Kolmogrov-Smirnov test through
the IBM SPSS statistic 23 application program. The calculation results are stated to be
normally distributed if the significance is > 0.05 [14].

Validity e-modul analysis:

Table 1. Score of answers [15]

Category Score
Very good 5
Well 4
Pretty good 3
Not good 2
Not very good 1

The score obtained from the validity assessment is then calculated the average
score using the following formula:
X =2

n
Information :

X = Average score
Y x = Total score of each statement
n = Number of evaluators
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The calculation of the percentage of validity of each statement item of the e-modul
uses the following formula:

V= Total Score X 100%

maximum score

Information :
V = Percentage of validity

Table 2. The percentage scale of the validity assessment [16]

Category Score6666666666666666666666666
V> 80% Very valid
41% <V < 60% Quite valid
21% <V <40% Less valid
V<20% Invalid

If the percentage of validity is less than the valid criteria, the guided discovery-
based chemistry e-module must be revised again before proceeding to the next stage.
Product trial analysis

Table 3. Score of the answer choices [15]

Category Score
Strongly agree 5
Agree 4
Disagree less 3
Disagree 2
Strongly Disagree 1

The assessment score obtained from the answer choices available on the student re-
sponse sheet is then calculated the average score using the following formula:
=%
n
Information :
X = Average score

Y x = Total score of each statement
N = Number of evaluators

Total Score
x 100%

Maximum Score

Information :
R = percentage of student’s responses
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Table 4. The percentage scale of student responses [16]

Category Score
R>80% Very interesting
61% <R < 80% Interesting
41% <R < 60% Quite interesting
21% <R <40% Less attractive
R <20% Not attractive

If the percentage of student responses is less than the attractive criteria (< 40%),
the guided discovery-based chemistry e-module must be revised.

Analysis of students' level of understanding of the use of electronic modules:
Analysis of the level of understanding of students seen from the cognitive aspects of
students based on tests of student’s understanding. To determine the effect of learning
on Concept Mastery, an N-Gain Score analysis was carried out [17].

postest score—pretest score

N-Gain =

maximum score— pretest score

Description: N-Gain: Normalized gain
pretest: The initial value of learning
Postest: The final grade of learning

Table S. Criteria for Gain Index [18]

N-Gain Category
N-gain score > 0.7 High
0.3 <N-gain score <0.7 Moderate
N-gain score <0.3 Low

4 Result and Discussion

The guided discovery based electronic module was developed as a learning re-
source for students to help understand material through analysis and discovery activi-
ties. Guided discovery emphasizes the discovery of concepts or learning material by
students themselves [19].

Based on research, normality test determination of the test subjects on a small and
large scale.

Table 6. Data of Normality Test in Taking Research Subjects

Class Sig Value Count Value of Decision
Significance
X MIPA A 0.067 0.05 Normal distribution
X MIPA B 0.004 0.05 Not normally distributed
X MIPA C 0.012 0.05 Not normally distributed
X MIPA D 0.092 0.05 Normal distribution
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From table 6. it is known that the significance value of class X MIPA A and X
MIPA D > 0.05 which means normally distributed while X MIPA B and X MIPA C
<0.05, that is, not normally distributed. Thus, class X MIPA A is for small scale trials
and X MIPA D is for large scale trials.

E-module has passed the validity test by the validator by assessing the material and
media aspects. In material aspects, there are various aspects in the e-module that must
be revised in order to fix the parts in the e-module that are not yet suitable. Explains
that revisions were made to improve the e-module part which was considered inaccu-
rate by the validator before it was tested. After the revision was complete, the valida-
tor assessed that the media and material aspects of the guided discovery-based e-
module were very valid with a percentage of 91,425% and 86,315%. The validation
results state that the e-module can be tested on students. E-module said to be feasible
to be tested if it meets the level of validity [20].

Table 7. Feasibility Assessment of Guided Discovery-Based Chemical E-Module

No. | Validation Aspects Score Percentage of Validity (%) Criteria
Average
Media 96 91,425 Very Valid
2 Material 82 86,315 Very Valid

From table 7, it is known that the results of the e-module validation based on guid-
ed discovery by two validators on the media aspect obtained an average score of 96 if
the percentage of validity was calculated, namely 91,425% with very valid criteria. In
the validation of the material obtained a score of 82 with a validity percentage of
86,315% on very valid criteria. The data validation carried out by experts is explained
as follows.

Media validation results

Table 8. Tabulation of Media Expert

Exfert Lecturer I Exfert Lecturer 11
Assessment Total Percentage of Criteria |Total score| Percentage of Criteria
Aspects score Validity (%) Validity (%)
E-module layout 30 100 Very Valid 25 83,3 Very Valid
E-module 52 94,54 Very Valid 45 81,82 Very Valid
graphics
E-module lan- 20 100 Very Valid 20 100 Very Valid
guage
Total score 102 90
Average (X) 34 97,14% Very Valid 30 85,71% Very Valid

In table 8, the total score exfert lecturer I and exfert lecturer I are 102 and 90 with
a percentage of validity of 97,14 and 85,71 % with very valid criteria, indicating that
the e-module is very suitable for use by students.

Results of material validation: Based on research results, material validation was car-
ried out by experts including lecturers in the chemistry education study program and chemis-
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try teacher at one of the high schools in Bengkulu City, Indonesia. The e-module assessment
by material experts is presented in table 9:

Table 9. Tabulation of Material Expert

Expert Lecturer 1 Expert Lecturer 11
Assessment Total score|  Percentage Criteria Total Percentage Criteria
Aspects Validity (%) score Validity (%)

Preliminary 13 86,67 Very Valid 12 80 Very Valid
Completeness of 28 93,33 Very Valid 23 76,67 Very Valid
contents

Learning 28 93,33 Very Valid 26 86,67 Very Valid
Guided Discovery 18 90 Very Valid 16 80 Very Valid
Total score 87 77

Average score (X) 21,75 91,58% Very Valid 19,25 81,05% Very Valid

In table 9, the total score exfert lecturer I is 87 with a validity percentage of
91,58%, and total score expert lecturer II is 77 with a validity percentage of 81,05%.
The results of the assessment by two experts stated that the e-module was very valid.

In preparing the material into guided discovery-based e-modules, it is adjusted to
the core competencies and indicators in the 2013 curriculum. The sub-material con-
sists of:

1. Development of the Concept of Redox Reactions
2. Rules for Determination of Biloks

3. Reduction and Oxidation

4. Oxidizing and reducing agents

5. Disproportionation and Consproporsionation

The components included in the e-module are the preparation of contents that are
adjusted to core competencies, basic competencies, and indicators, presentation for-
mat, and material systematics in the developed e-module. The content of the e-module
consists of a discussion rubric, a description of the material, exercise I, exercise II,
summary, evaluation, answer keys, glossary, and bibliography, as well as a video
tutorial designed to help students understand how to solve problems independently.

Hif
'

Fig. 1. The initial view of the e book
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The electronic module guided discovery-based was developed as a learning re-
source for students to help understanding material through analysis and discovery
activities. The e-module is presented based on the component of the guided discovery
approach which consists of let's formulate, let's hypothesize, let's analyze, let's collect
data, and let's conclude. The guided discovery approach is used because it can train
scientific thinking skills and guide students in finding concepts independently. Ac-
cording to Shinta [19], guided discovery emphasizes the discovery of concepts or
learning material by students themselves.

In the guided discovery-based chemistry e-module trial phase, it is first disseminat-
ed, this is done so that students can read the e-module before learning activities in
class are carried out and it is hoped that students will gain initial knowledge about the
material. Then students are formed into groups and then given directions to read the
rubric containing the material on the activity sheet. Students are given the opportunity
to read and study various information contained in the rubric. When learning process
used e-module students are able to receive directions well, students read the material
in the rubric carefully with their group members. After students have finished reading
the rubric, students are led to formulate problems based on the information students
get. At first the students had experienced problems in writing the problem formula-
tion, but students actively asked questions to overcome these obstacles. After being
guided and given instructions, students can begin to formulate their own problems
well.

In the let's hypothesize stage, students write down their answers temporarily to
prove their truth through the analysis process. Some students were confused about
writing hypotheses because this activity was very new to students. Students need to be
taught in advance how to make hypotheses. In the activity let's analyze students ob-
serve the video displayed on e-module and try to find answers to prove the truth of
hypotheses that students have conveyed. Students analyze the contents of the video to
collect data and write down their observations on the worksheets provided. After
going through all the stages of the activity, at the end of the discussion the students
were guided to write conclusions based on the results of the analysis that had been
done.

Guided discovery-based e-module implementation on research subjects: From
the small-scale trial, the average score of the student response questionnaire was
60,78, where the calculation of the percentage of student responses was obtained
75,97% with very interesting category. From a large-scale trial of the guided discov-
ery-based chemical e-module, the percentage of the response was 84.48%, with very
interesting category.

In small-scale trials carried out on 9 students. When the small-scale trial was car-
ried out, the e-module was provided offline in 3DP format and online using a link.
Students can access the e-module using their mobile phone or laptop. From the trials
conducted by students assessing the e-module is interesting because it can help in
understanding the material, besides that the appearance and content of the e-module
makes students motivated to study the material contained in the e-module, that learn-
ing resources interesting things will generate knowledge and motivate students in
learning [19].
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In a large-scale trial, guided discovery-based e-modules get a positive response
from students assessing that e-modules help to study the material optimally. The ar-
rangement of material and structured learning activities makes it easier for students to
know the sequence of learning the material. Material arranged according to needs can
lead students to construct their own knowledge [21]. In addition, multimedia (text,
video and images) displayed on the e-module helps students to understand how to
solve problems so that it fosters students' interest in studying redox reaction material.
The use of digital books makes learning interesting, practical and can be carried any-
where because they can be read through smartphone [22].

From the research that has been done, it is known that the guided discovery based
chemical electronic module is quite effective in helping students study redox reaction
material. The results obtained are in accordance with Khasanah's research [23] that
guided discovery-based modules are effective in helping students understand the ma-
terial. The development of guided discovery-based e-module teaching materials is
also able to stimulate students critical thinking skills, enhancing process skills and
attitudes developing guided inquiry-based science teaching and learning [24, 25].

Learning activities that provide the widest possible opportunity for students to
gather information and analyze can provide new learning experiences for students. E-
modul can be accessed by smartphone or laptop has become more flexible. With this
e-modul, students can access the study material from everywhere without any time
limitation and students who do not have chemistry textbooks can learn through e-
modules.

5 Conclusion

Based on the validity test, it shows that the guided discovery-based e-module is
very feasible to be used as a learning resource by students with a percentage of validi-
ty on the media aspect of 91.425% and the material aspect of 86,315% with a very
valid category. From the trial stage students gave positive responses, that the e-
module was very interesting and helped students understand the material with the
percentage of the response, namely 84.48%.
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